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Abstract: Dynamics of interaction of topological solitons (vortices) in (2+1)-
dimensional O(3) nonlinear sigma model in anisotropic case are investigated. By 
numerical simulation methods is shown that the changes of rotation frequency of 
isotopic spin in the fiber space leads to an oscillatory dynamics of topological 
solitons. The models of interaction of oscillating topological solitons are obtained 
and their properties are investigated. 
 
I. Introduction 
 
Nonlinear nonperturbative models of field theory, beginning with the 
pioneering works of T.H.R. Skyrme [1] are attracted unrelenting attention.  In 
nonperturbative models, unlike the Higgs model, the elementary particles find 
their natural description as "clumps" of energy. Another important advantage of 
these models is the absence of divergences, which in the standard model require 
the use of renormalizations techniques. At the same time, as a model 
representation of the Yang-Mills equations in the field theory is also offered 
class of SU(N) two-dimensional nonlinear sigma models [2]. 
In this paper is conducted numerical studies of nonlinear excitations with 
nontrivial Hopf index in (2+1)-dimensional (2D) anisotropic O(3) nonlinear 
sigma model (NLSM) with particular attention to the dynamics of the interaction 
of oscillating topological objects. At the first stage, we obtained numerical 
models of topological solitons (TS, topological vortices) of Belavin-Polyakov 
type [3], having the dynamics of internal degrees of freedom (oscillating TS). 
Recall that the Euler-Lagrange equation of 2D O(3) NLSM [4-11] have the 
following form: 
ఓ߲߲
ఓݏ௜ + ൫ ఓ߲ݏ௔߲
ఓݏ௔൯ݏ௜ − ݏଷ(ߜ௜ଷ − ݏ௜ݏଷ) = 0,  (1) 
݅ = 1, 2, 3, ݏ௔ݏ௔ = 1, 
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where ݏଵ = sin ߠ cos߮, ݏଶ = sin ߠ sin߮, ݏଷ = cos ߠ, the ߠ(ݔ, ݕ, ݐ) and 
߮(ݔ, ݕ, ݐ) are the Euler angles. 
In present paper is conducted numerical study of the TS of the form 
ߠ = 2ܽݎܿݐ݃ ቀ
௥
ோ
ቁ
ொ೟
,      ߮ = ܳ௧߯ − ߱߬,   (2) 
ݎଶ = ݔଶ + ݕଶ,  ܴ = 1,  cos ߯ =
௫
௥
,  sin ߯ =
௬
௥
, 
where ܳ௧ = 3 – topological charge (Hopf index) for values of frequency of 
rotation A3-field vector – ߱ = ቄ
ଵ
ଶ
, 1,2ቅ in the isospace of sphere ܵଶ. 
Dynamics of interaction of TS (2) of the model (1) in the case of ߱ = 1 for 
ܳ௧ ∈ {1,2, … ,6} were investigated in our previous works (see, e.g., [5-10]), 
where were discovered a number of properties, including: 
 TS decay onto the localized perturbations (a preserving the ܳ௧ sum); 
 a phased annihilation of TS by the units of ܳ௧ (by radiation of energy in 
the form of linear perturbations waves propagating with speed of ܿ); 
 long-range interaction of TS; 
 mutual attraction and repulsion of TS, etc. 
We note that in our previous works models of interaction of TS (2) with a 
180-degree domain wall of Neel type (see, e.g., [9,10]) were also investigated. It 
was shown that the TS (2) at the collision with the domain wall is completely 
decay by a phased radiation of energy in the form of 2ܳ௧  localized perturbations 
(LP), each of which has |ܳ௧| =
ଵ
ଶ
 and moves along the domain wall with a speed 
߭ → ܿ (ܿ = 1 - speed of light). The energy integral (ܧ݊) of interacting TS system 
were preserved with accuracy: 
∆ா௡
ா௡
≈ 10ି଺ − 10ିଷ.  
In the second part of this paper presents the results of numerical 
investigation of stationary TS with the different values (߱ ≠ 1), where are 
obtained a numerical models of oscillating TS. 
The third part is devoted to the study of the TS interactions dynamics, 
where in particular describes a models of head-on collisions and TS decays onto 
the LP. In the final part of the paper summarizes results and put forward certain 
proposals and conclusions. 
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II. The stationary oscillating topological solitons 
 
In this part of the paper presents the results of a numerical study of the TS 
(2) of model (1) at ߱ =
ଵ
ଶ
 and ߱ = 2. 
 
Case ࣓ =
૚
૛
. In Fig.1 shows the process of evolution (of energy density: 
ܦܪ) of TS (2) at ߱ =
ଵ
ଶ
; time simulation ݐ ∈ [0.0, 120.0]. The TS energy density 
is concentrated in a radially symmetrical annular structure [4-10]. Throughout 
the simulation time ([0.0, 120.0]) occurs the 12 uniform oscillation periods of 
TS. The first period is shown in Fig.1a - Fig.1c. In Fig.1d shown final state of 
the vortex evolution (ݐ = 120). The energy integral of evolving TS after the 
formation of oscillating soliton (ݐ > 40.0) is preserved with high accuracy: 
∆ா௡
ா௡
≈ 10ି଺ (Fig.1е).  
 
 
Fig.1. Evolution (ܦܪ and its contour projection) of stationary (߭	 = 	0.0) TS (2) of model (1) 
with the Hopf index ܳ௧ = 3 at ߱ = 0.5: a) ݐ = 0.0; b) ݐ = 5.1; c) ݐ = 11.1; d) ݐ = 120.0; e) 
energy integral for ݐ ∈ [0.0, 120.0]. 
 
The feature of dynamics of oscillating TS (2), shown in Fig.1 consist is that 
the oscillating process occurs only on the contour of ring-shape of energy density 
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concentration (ܦܪ) (Fig.2a). In this time the center of TS – ܦܪ	(0,0) remains 
practically is motionless: ∆ܦܪ଴ < 2.1݁
ିଷ (Fig.2b). 
 
 
Fig.2. Evolution of (ܦܪ) stationary (߭	 = 	0.0) TS (2) of model (1) with the Hopf index 
ܳ௧ = 3 at ߱ = 0.5: a) in a planar section - ݕ = 0; b) dynamics of TS center point - ܦܪ(0,0). 
Time simulation: ݐ ∈ [0.0, 120.0], (ݐ ≈ 0.3߬). 
 
In Fig.3 shown the isospin projection of TS (2) of model (1) on the phased 
plane ݖ(ݔ, ݕ). These projections have are characteristic form [5-10], but in this 
case (߱	 =
ଵ
ଶ
) are different from of the similar projections of TS (2), which were 
studied at ߱	 = 	1, by periodic change of the annular structure of ܦܪ in which 
concentrated the energy of vortex. 
 
 
Fig.3. Isospin projection of stationary (߭ = 0.0) ТS (2) of model (1) with the Hopf index 
ܳ௧ = 3 onto the phase plane ݖ(ݔ, ݕ) at ߱ = 0.5: a) ݐ = 0.0; b) ݐ = 5.1; c) ݐ = 11.1; d) 
ݐ = 120.0. 
 
Case ࣓ = ૛. In Fig.4 shown the process of evolution (of energy density: 
ܦܪ) of TS (2) at ߱ = 2; time simulation ݐ ∈ [0.0, 120.0]. The TS energy density 
in this case also is concentrated in a radially symmetrical annular structure [4-
10]. Throughout the simulation time ([0.0, 120.0]) occurs the 10 uniform 
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oscillation periods of TS. But in this (߱ = 2) case, the character of the 
oscillations is different from the previous experiment. In the case of ߱ =
ଵ
ଶ
 at 
ݐ = 0.0 the energy density (ܦܪ) has the minimum value (Fig.1a), and this 
condition varies periodically (at ݐ = 12.3 in Fig.1c etc.) with the maximum 
values (see for example, Fig.1b at ݐ = 5.1; the radius of the ring-shaped structure 
of ܦܪ is reduced). In the case of ߱ = 2 the energy density (ܦܪ) of TS at 
ݐ = 0.0 (also at ݐ = 12.3, etc.) has the maximum values (Fig.4ac). Between 
these states the energy density (ܦܪ) of TS has a minimum values (see, for 
example, Fig.4b at ݐ = 5.1; the radius of the ring-shaped structure of ܦܪ 
increases). In Fig.4d shown final state of the vortex evolution (ݐ = 120). The 
energy integral of evolving TS after a formation of oscillating soliton (ݐ > 40.0) 
is preserved with accuracy: 
∆ா௡
ா௡
≈ 10ିଷ (Fig.4e). Note that on the simulation 
area edges are set absorbing boundary conditions, and in this case, increase of 
radius of the 	ܦܪ ring-shaped structure leads to a relatively large energy 
dissipation of TS. 
 
 
Fig.4. Evolution (ܦܪ and its contour projection) of stationary (߭	 = 	0.0) TS (2) of model (1) 
with the Hopf index ܳ௧ = 3 at ߱ = 2.0: a) ݐ = 0.0; b) ݐ = 5.1; c) ݐ = 12.3; d) ݐ = 120.0; e) 
energy integral for ݐ ∈ [0.0, 120.0]. 
 
6 
 
In Fig.5 shown the evolution of TS, that is described in Fig.4 in a planar 
section ݕ = 0 at ݐ ∈ [0.0,120.0]. Similarly TS with ߱ =
ଵ
ଶ
 in these case 
oscillations is observed only on the contour of the ring-shape structure of the TS 
energy density (Fig.5a). In this time the center of TS – ܦܪ	(0,0) remains 
practically is motionless: ∆ܦܪ଴ < 2.4݁
ିଶ (Fig.5b). 
 
 
Fig.5. Evolution of (ܦܪ) stationary (߭	 = 	0.0) TS (2) of model (1) with the Hopf index 
ܳ௧ = 3 at ߱ = 2.0: a) in a planar section ݕ = 0; b) dynamics of TS center point: ܦܪ(0,0). 
Time simulation: ݐ ∈ [0.0, 120.0], (ݐ ≈ 0.3߬). 
 
In Fig.6 shown the isospin projection of TS (2) of model (1) on the phased 
plane ݖ(ݔ, ݕ). These projections have are characteristic form [5-10], but and in 
this case (߱	 = 	2.0) are different from of the similar projections of TS (2), 
which were studied at ߱	 = 	1, by the periodic change of the annular structure of 
the ܦܪ in which concentrated the energy of the vortex. 
 
 
Fig.6. Isospin projection of stationary (߭ = 0.0) ТS (2) of model (1) with the Hopf index 
ܳ௧ = 3 on the phase plane ݖ(ݔ, ݕ) at ߱ = 2.0: a) ݐ = 0.0; b) ݐ = 5.1; c) ݐ = 12.3; d) ݐ =
120.0.  
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Thus the results of numerical experiments conducted in the second part of 
the paper showed that in 2D O(3) NLSM the variation of values (߱ ≠ 1) of 
frequency of A3-field vector rotation in isospace of sphere ܵଶ leads to a stable 
oscillating dynamics of the TS. 
Note that our numerical models are based on the three-layer finite 
difference scheme of the second order accuracy ܱ(ℎଶ + ߬ଶ) [12,13], with using 
properties of stereographic projection and taking into account the group-theoretic 
properties of O(N) NLSM class of the field theory [4-11]. A special algorithm 
for the difference scheme used in the present paper was developed in work [4] 
and updated in the works [5-11]. In the next part, based on the developed models 
of stationary oscillating TS is conducted numerical study of the dynamics of 
their interaction. Note that the actual dynamics of soliton solutions, where fully 
can manifest their special, particle-like properties can be obtained carrying out 
by studies of the dynamics of their interactions [14].  
 
III. Head-on collisions of oscillating topological solitons 
 
In this part present results of research models of frontal (head-on) collisions 
of TS (2) in anisotropic 2D O(3) NLSM for different values of frequency of A3-
field vector rotation: ߱ = ቄ
ଵ
ଶ
, 1,2ቅ in the isospace of sphere ܵଶ: 
 ߱௅ = 1 →← ߱ோ =
ଵ
ଶ
; 
 ߱௅ = 1 →← ߱ோ = 2; 
 ߱௅ =
ଵ
ଶ
	 →← ߱ோ =
ଵ
ଶ
; 
 ߱௅ = 2 →← ߱ோ = 2. 
It should be noted that the dynamics of the interaction of the TS (2) in the 
case of 
 ߱௅ = 1 →← ߱ோ = 1, 
has been investigated in detail in our previous works (see, e.g., [5-8]). 
 
Case: ࣓ࡸ = ૚ →← ࣓ࡾ =
૚
૛
. In Fig.7 shown the process of evolution (ܦܪ 
and its contour projection) of frontal collision of TS (2) having a different values 
of ߱. From left moves the TS with ߱௅ = 1, from right moves the TS with 
߱ோ =
ଵ
ଶ
 in the opposite directions; time simulation ݐ ∈ [0.0, 90.0]. The initial 
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speed (ݐ଴ = 0.0), given by the Lorentz transformation for both TS is: 
|߭௅ோ(ݐ଴)| ≈ 0.0995. At ݐ = 37.8 are both TS moves a distance equal to about 
ݏ ≈ 3.3 units (Fig.7b), at ݐ = 42.3 (Fig.7c) interact and form a bound a ring-
shaped state, in the center of which is focused a dense energy concentration. 
Next, the TS is separated for a short time (Fig.7d) and again attracted, form a 
bound a ring-shaped state (Fig.7d) similar to that shown in Fig.7c. The energy 
integral of the interactions TS system is preserved with accuracy: 
∆ா௡
ா௡
≈ 10ିସ 
(Fig.7f).  
 
 
Fig.7.  Evolution (ܦܪ and its contour projection) of head-on collision of TS (2) of model (1) 
at ܳ௅ோ = 3, |߭⃗௅ோ(ݐ଴)| ≈ 0.0995, ߱௅ = 1.0, ߱ோ = 0.5: a) ݐ = 0.0; b) ݐ = 37.8; c) ݐ = 42.3; d) 
ݐ = 67.8; e) ݐ = 90; f) energy integral for ݐ ∈ [0.0, 90.0].  
 
Recall that on the simulation area edges are set special boundary conditions 
absorbing the excess energy emitted by interacting TS, in the form of linear 
perturbation waves. Below we consider the process of decay of interacting TC 
(2) onto the localized perturbations (LP). 
In Fig.8 shown the process of a TS head-on collision similar to the previous 
experiment, but in this case, the initial speed (at ݐ଴ = 0.0) of TS increased 
almost twice: |߭௅ோ(ݐ଴)| ≈ 0.196; time simulation ݐ ∈ [0.0, 52.0]. 
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At ݐ = 21.9 the interacting TS form a bound a ring-shaped state (similar to 
the state shown in Fig.7c), in the center of which focused a dense energy 
concentration (Fig.8b). 
 
 
Fig.8. Evolution (ܦܪ and its contour projection) of head-on collision of TS (2) of model (1) at 
ܳ௅ோ = 3, |߭⃗௅ோ(ݐ଴)| ≈ 0.196, ߱௅ = 1.0, ߱ோ = 0.5: a) ݐ = 0.0; b) ݐ = 21.9; c) ݐ = 30.0; d) 
ݐ = 35.1; e) ݐ = 52; f) energy integral for ݐ ∈ [0.0, 52.0]. 
 
Next, at ݐ ≈ 30.0 is observed the TS decay onto the LP with topological 
charges ܳ௧ = 1 (two LP) and ܳ௧ = 2 (two LP) (Fig.8c). But after a short time 
(ݐ ≈ 35.0) one LP with ܳ௧ = 1 is destroyed (annihilation) in form a radially 
symmetric propagating linear wave (Fig.8d). The rest LP are preserved stability 
and moving in different directions from the center of the resonance zone 
(Fig.8e). The energy integral of the interactions TS system after the annihilation 
of one LP (ݐ > 35.0) is preserved with accuracy 
∆ா௡
ா௡
≈ 10ିସ (Fig.8f). 
 
Case: ࣓ࡾ = ૚ →← ࣓ࡸ = ૛. The process of interaction of the TS (2) at 
߱௅ = 1 and ߱ோ = 2 moving in the opposite directions with equal speed 
|߭௅ோ(ݐ଴)| ≈ 0.0995, similar to the process shown in Fig.7. After the collision, 
TS form a bound a ring-shaped state, in the center of which focused a dense 
energy concentration. The energy integral of the interactions TS system in this 
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case is preserved with accuracy: 
∆ா௡
ா௡
≈ 10ିଷ. Next, a similar experiment was 
conducted at the increased TS speed.  
In Fig.9 is a description of process of head-on collision of the TS (2) of 
model (1): ߱௅ = 1 →← ߱ோ = 2 (Fig.9а); time simulation ݐ ∈ [0.0, 60.0]; initial 
speed (ݐ଴ = 0.0) of TS – |߭௅ோ(ݐ଴)| ≈ 0.196. At ݐ = 21.0 the interacting TS 
(Fig.9ab), form a bound state (Fig.9c) for a time ݐ ∈ (17.0, 27.0). Next, at 
ݐ ≈ 30.0 is observed a process of decay TS with ߱௅ = 1 onto the 3 LP with 
topological charges ܳ௧ = 1 (Fig.9d). These LP and the TS with ߱ோ = 2 are 
preserved stability and moves in opposite directions from the resonance zone 
(Fig.9e). The energy integral of the interactions TS system in this case is 
preserved with accuracy: 
∆ா௡
ா௡
≈ 10ିଷ (Fig.9f). 
Note that in our previous works (in the case of ߱ = 1), at the speeds of 
interacting TS equal |߭ଵଶ(ݐ଴)| ≈ 0.196 are observed decay processes of a both 
TS onto the LP [5-8]. But in this case, TS with ߱ோ = 2.0, is more stable and 
preserved its structural integrity in the interaction. 
 
 
Fig.9. Evolution (ܦܪ and its contour projection) of head-on collision of TS (2) of model (1) at 
ܳ௅ோ = 3, |߭⃗௅ோ(ݐ଴)| ≈ 0.196, ߱௅ = 1.0, ߱ோ = 2.0: a) ݐ = 0.0; b) ݐ = 17.1; c) ݐ = 25.5; d) 
ݐ = 30.6; e) ݐ = 60.0; f) energy integral for ݐ ∈ [0.0, 60.0]. 
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Case: ࣓ࡸ =
૚
૛
 →← ࣓ࡾ =
૚
૛
. In Fig.10 shown the evolution of the TS head-
on collision at ߱௅ோ =
ଵ
ଶ
; time simulation ݐ ∈ [0.0, 90.0]; initial TS speed – 
|߭ଵଶ(ݐ଴)| ≈ 0.0995. In this case are both TS is oscillating and moving in the 
opposite directions (Fig.10ab). At ݐ = 35.8 are both TS moves a distance equal 
to about ݏ ≈ 3.2 units (Fig.10b) and the average loss of speed in a given period 
is ߭௟௢௦௦(ݐ = 35.8) ≈ 10.7%. Next, in Fig.10cde shows the collision and 
reflection process of TS where is observed (typical for this TS) some 
deformation of annular concentration their energy density. Because of the 
chirality of vortex field (2), after reflection, the directions of TS movement are 
changed symmetrical at a certain angle (ߙ > 0) (Fig.10e). The energy integral of 
interactions TS system in this case is preserved with accuracy: 
∆ா௡
ா௡
≈ 10ିସ 
(Fig.10f). Next, consider the decay process of these interacting TS onto the LP. 
 
 
Fig.10. Evolution (ܦܪ and its contour projection) of head-on collision of TS (2) of model (1) 
at ܳ௅ோ = 3, |߭⃗௅ோ(ݐ଴)| ≈ 0.0995, ߱௅ோ = 0.5: a) ݐ = 0.0; b) ݐ = 35.8; c) ݐ = 41.8; d) ݐ =
50.1; e) ݐ = 90.0; f) energy integral for ݐ ∈ [0.0, 90.0]. 
 
In Fig.11 shows a process similar to the previous experiment, the evolution 
of the TS head-on collision at ߱௅ோ =
ଵ
ଶ
; time simulation ݐ ∈ [0.0, 60.0]. In this 
case, the initial speed (at ݐ଴ = 0.0) of TS are increased almost twice: |߭௅ோ(ݐ଴)| ≈
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0.196. At ݐ = 16.5 are both TS moves distance equal to about ݏ ≈ 3.0 units 
(Fig.11b) and the average loss of speed in a this time period is ߭௟௢௦௦(ݐ = 16.5) ≈
7.24%. In Fig.11cde shown a process of TS collision and their decay onto the 3 
pairs LP, each of the (6 LP) which has a single Hopf index: ܳ௧ = 1. Note that LP 
does not oscillate and keep stability for quite some time: ݐ ∈ [30.0, 60.0]. 
 
 
Fig.11. Evolution (ܦܪ and its contour projection) of head-on collision of TS (2) of model (1) 
at ܳ௅ோ = 3, |߭⃗௅ோ(ݐ଴)| ≈ 0.196, ߱௅ோ = 0.5: a) ݐ = 0.0; b) ݐ = 16.5; c) ݐ = 23.7; d) ݐ = 31.2; 
e) ݐ = 60.0; f) energy integral for ݐ ∈ [0.0, 60.0]. 
 
Case: ࣓ࡸ = ૛ →← ࣓ࡾ = ૛. The process of head-on interaction TS of form 
(2), moving with equal speed |߭௅ோ(ݐ଴)| ≈ 0.0995 at ߱௅ோ = 2, similar to the 
process shown in Fig.10. After the collision TS are reflected from each other, 
and due to the presence of chirality of model are continuing the oscillation and 
moves in directed from the resonance zone by deflected on a certain angle 
trajectory. Here also is observed the deformation of annular concentration their 
energy density. 
In the process shown in Fig.11 (at ߱௅ோ =
ଵ
ଶ
), the increase in the speed of the 
interacting TS until |߭௅ோ(ݐ଴)| ≈ 0.196 leads to TS decay onto the LP (Fig.11de). 
But in the case ߱௅ோ = 2 at a similar speed increase was obtained bound 
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oscillating two-soliton state which remains stable in a long time: ݐ = 120.0 
(Fig.12). 
In Fig.12a shown a process of rapprochement TS moving with equal speed 
in the opposite directions (head-on collision). At ݐ = 17.1 are both TS moves 
distance equal to about ݏ ≈ 2.5 units (Fig.12b). The average loss of TS speed in 
a given time period is significant and is ߭௟௢௦௦(ݐ = 17.1) ≈ 25.4%. At the 
collision the TS forms a bound a ring-shaped state, in the center which is focused 
a dense energy concentration (Fig.12c). 
 
 
Рис.12. Evolution (ܦܪ and its contour projection) of head-on collision of TS (2) of model (1) 
at ܳ௅ோ = 3, |߭⃗௅ோ(ݐ଴)| ≈ 0.196, ߱௅ோ = 2.0: a) ݐ = 0.0; b) ݐ = 17.1; c) ݐ = 21.0; d) ݐ = 29.7; 
e) ݐ = 80.1; f) ݐ = 88.2; g) ݐ = 108.3; h) ݐ = 120.0; i) energy integral for ݐ ∈ [0.0, 120.0].  
 
Next, the TS for a short time is separated (Fig.12d) and later are re-
attracted, in form a bound a ring-shaped state of a similar to that shown in 
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Fig.12c. At simulation time (ݐ ∈ [0.0, 120.0]), the process described in 
Fig.12bcd is repeated in regular intervals during 7 periods, two of which are 
shown in Fig.12ef and Fig.12gh. Because the chirality of the TS fields (2) a 
bound state of TS energy density (ܦܪ) apart from periodic merge-split 
interactions, also has a rotational movement (Fig.12h). The energy integral of the 
interactions oscillating TS system after collision (ݐ > 40.0) is preserved with 
accuracy: 
∆ா௡
ா௡
≈ 10ିଷ (Fig.12i). 
 
IV. Conclusion 
Thus, in this paper is solved the evolutionary problem for the dynamical 
equations (1), using the form vortices (2) as the initial data for various values of 
frequency of A3-field vector rotation in isospace of Bloch sphere. By methods of 
numerical simulation the oscillating TS of anisotropic 2D O(3) NLSM is 
obtained and their stability in the process of evolution is shown. The models of 
head-on two-soliton collisions of oscillating TS moving in the speed limit 
߭⃗௅ோ(ݐ଴) ∈ (0.099, 0.196) are investigated. 
In our previous works (at ߱ = 1: topological solitons without oscillatory 
dynamics), at a head-on collisions of topological solitons, were observed the 
process of two types: collision-reflection and collision-decay onto the localized 
perturbations (in addition to the processes of long-range interactions and gradual 
annihilation, which were observed at the change of isospin dynamics of vortices) 
[5-8]. In case of ߱ = 1 formation of the two-soliton bound states were observed 
only at noncentral head-on collisions of topological solitons moving on parallel 
trajectories. The results of present paper, in particular, shows that the formation 
of stable bound two-soliton states is also possible at head-on collisions of 
oscillating topological solitons (Fig.7, Fig.12). Next, the numerical experiments 
of present paper showed that the values of ߱ affects to the stability of 
investigated topological solitons (Fig.9, Fig12). In our experiments TS with 
߱ = 2 is more stable with respect to the topological solitons having the values 
߱ =
ଵ
ଶ
 or ߱ = 1. 
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Investigate the properties of the interaction of the localized particle-like 
solutions are important, in particular, at study of the complete integrability of 
field-theoretic models [14]. 
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